Introduction
Feeding byproduct feeds to cattle is not a new concept. Producers consider byproduct feeds as they are inexpensive sources of protein and energy; however, most are characterized by atypical mineral profiles. Processing of grains and oilseeds has the effect of removing some nutrients from the eventual byproduct while concentrating others. Several popular byproduct feeds (e.g., distiller's grains and corn gluten feed) are characterized by high concentrations of sulfur (S). The maximum tolerable concentration of dietary S is estimated to be 0.5% S for roughage diets (NRC, 2005) . Distillers' grains can have concentrations of 0.8% S or greater (Buckner et al., 2008) . Sulfur is a potent antagonist of dietary copper (Cu), a trace mineral that plays a large role in the health and reproduction of beef cattle. Copper deficiency generally has the most detrimental effect on young, growing animals. Therefore, to manage byproduct feeds appropriately, methods must be tailored to supplement sufficient Cu. Direct supplementation of minerals in water or supplement results in animal-to-animal variation in the amount of mineral consumed; however, oral dosing of trace mineral boluses ensures each animal receives the prescribed dose. The objective of this study was to investigate the effect of Cu oxide (CuO) bolus administration on productivity and Cu status in beef calves supplemented dried distillers' grains (DDG).
Materials and Methods
Animals, Treatments, and Diets-Year 1. Seventy-four heifer (n = 36) and steer (n = 38) calves (8 to 10 mo of age, initial BW = 564 ± 73.0 lb) of predominantly Angus breeding were obtained from the University of Arkansas cow-calf facility in Savoy for a 141-d growth trial. Calves were stratified by body weight (BW) within gender and assigned randomly to one of two treatments: 1) a single intraruminal CuO bolus (12.5 g CuO needles; Copasure; Animax Ltd., Columbus, Ohio), or 2) non-bolus control. Calves grazed predominantly dormant bermudagrass (Cynodon dactylon [L]) in two groups (by gender). Moreover, calves were provided access to bermudagrass hay (Table 1) in quantities sufficient to ensure ad libitum access. Dried distillers' grains were offered at a rate of 0.75% of BW (as fed) and adjusted based on the average for all calves after each weigh date. Dried distillers' grains were produced at a commercial dry milling plant from the fermentation of 100% corn (MGP Ingredients, Inc., Atchison, Kan.). Daily amounts of DDG were weighed and provided at 0800 h. Supplements offered were entirely consumed. Calves had ad libitum access to water and a trace mineral salt (Champions Choice Selenium "90" Trace Mineral Salt; Cargill, Inc., Minneapolis, Minn.
2
). Calves were monitored daily for morbidity.
Year 2. Fifty-four heifer (n = 30) and steer (n = 24) calves (10 to 12 mo of age, initial BW = 696 ± 64.1 lb) of predominantly Angus breeding were obtained from the University of Arkansas cow-calf facility in Savoy for a 92-d growth trial. Calves were randomly assigned to one of 6, 2.4-ha pastures of predominantly bermudagrass (Table 1 ). Calves were stratified by BW within gender and assigned randomly to one of two treatments: 1) a single intraruminal CuO bolus (12.5 g CuO needles; Copasure; Butler Schein™ Animal Health, Dublin, Ohio), or 2) non-bolus control. Steers were implanted with Component® TE-G with Tylan® (trenbolone acetate 40 mg and estradiol 8 mg; Ivy Animal Health, Inc., Overland Park, Kan.). Dried distillers' grains were offered at a rate of 0.75% of BW (as fed) and adjusted based on the average for all calves after each weigh date. Dried distillers' grains were produced at a commercial dry milling plant from the fermentation of 100% corn (MGP Ingredients, Inc., Atchison, Kan.). Daily amounts of DDG were weighed and provided at 0800 h to calves in their respective pastures with 0.5 m or more bunk space per calf. Supplements offered were entirely consumed. Calves had ad libitum access to water and a trace mineral salt (Powell 4% Beef Mineral; Powell Feed and Milling Co. Inc., Green Forest, Ark. 3 ). Calves were monitored daily for morbidity. 
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Story in Brief
A study was conducted to assess the effects of copper oxide bolus administration on productivity and copper status in grazing beef calves supplemented with dried distillers' grains. Calves (n = 74, yr 1; n = 54, yr 2) were assigned randomly to one of two treatments: 1) a single intraruminal copper oxide bolus (12.5 g) or 2) non-bolus control for a growth trial (141-d, yr 1; 92-d, yr 2). Calves grazed predominantly bermudagrass (Cynodon dactylon [L]) pastures. Moreover, dried distillers' grains were offered at a rate of 0.75% of body weight (as fed). Calves were weighed at 28-d intervals and dried distillers' grains were adjusted after each weigh day. Blood samples were collected for plasma copper and zinc concentrations. There was no (P = 0.68, yr 1; P = 0.83, yr 2) difference in average daily gain between bolused and non-bolused calves. Administration of the copper oxide bolus did not (P = 1.00, yr 1; P = 1.00, yr 2) result in greater plasma copper concentrations compared with non-bolused calves. Accordingly, these results suggest that copper oxide bolus administration is ineffective in grazing beef calves that are supplemented dried distillers' grains 0.75% (as fed) of body weight. Dried distillers' grains at 0.75% (as fed) of body weight did not create sufficient copper antagonism. Laboratory Analysis. Forage and composited feed samples were analyzed for dry matter, total nitrogen by the rapid combustion procedure, acid detergent fiber (ADF) and neutral detergent fiber (NDF) by batch procedures using the ANKOM 200 Fiber Analyzer (ANKOM Technology Corp., Fairport, N.Y.), and mineral content by inductively coupled plasma spectroscopy (Model 3560, Applied Research Laboratory, Sunland, Calif.) after wet ashing (Table 1) . Composited DDG samples were not analyzed for ADF and NDF in yr 1. Plasma was analyzed for Cu and Zn concentrations by flame atomic absorption spectrophotometry (model 5000, Perkin-Elmer, Norwalk, Conn.).
Statistical Analysis. Data were analyzed using the MIXED procedure of SAS (SAS Inst., Inc., Cary, N.C.). Adherence of the data to the assumptions of the statistical test was established. Models included treatment as a fixed effect and calf and year as a random effect. Weight data were analyzed as repeated measures using the compound symmetry (CS) covariance structure. Plasma trace mineral concentrations were analyzed as repeated measures using the variance components (VC) covariance structure. Calf was the experimental unit, as treatments were delivered to individual calves. Least squares means were partitioned at the 5% level of significance by means of the probability of differences (PDIFF) option. Adjustment of the level of significance was performed using the Bonferroni procedure. Statistical significance was declared at P < 0.05.
Results and Discussion
In yr 1, an unidentified calf expelled the bolus within the first few hours after application. Reason for bolus rejection was unknown. There was no (P = 0.68, yr 1; P = 0.83, yr 2) difference in average daily gain (ADG) between bolused and non-bolused calves; however, ADG did differ between years (P < 0.05; Table 2 ). The dissimilar gains observed were most likely due to greater (P < 0.05) initial BW for yr 2 compared to yr 1, variations in herbage mass and quality between years, and implanting steers in yr 2 with Component® TE-G with Tylan®.
A freezer malfunction resulted in the loss of plasma collected from all calves on d 91 in yr 2; therefore, plasma was analyzed for Cu and Zn concentrations only among the 24 calves with blood samples collected on d 0 and 35. There were no treatment × gender interactions for plasma mineral concentrations; thus, pooled responses are provided in Table 3 . Initial plasma Cu concentrations were similar (P = 1.00, yr 1; P = 0.48, yr 2) among treatments.
Administration of the CuO bolus did not (P = 1.00, yr 1; P = 1.00, yr 2) result in greater plasma Cu concentrations compared with non-bolused calves by d 140 in yr 1 and d 35 in yr 2. Initial and final plasma Cu concentrations did not (P < 0.05, yr 1; P < 0.05, yr 2) coincide, revealing an overall decrease in plasma Cu. By the second blood collection, plasma Cu concentrations were markedly different (P < 0.05) between yr, averaging 0.86 and 0.68 mg/L for calves in yr 1 and yr 2 respectively.
The marginal band for plasma Cu in assessing the Cu status in cattle is 0.4 to 0.7 mg/L. Thus, by d 35 calves in yr 2 the extent of Cu bioavailability was reduced by the appreciably greater S content of the DDG in yr 2; but, no apparent signs of Cu deficiency were noted during the 92-d growth trial. The maximum tolerable concentration of dietary S is estimated to be 0.5% S for roughage diets (NRC, 2005) ; however, this threshold was only approached by the greater S content of the DDG in yr 2. Accordingly, it is presumed that administration of the CuO bolus was ineffective and did not yield greater mean plasma Cu concentrations because DDG at 0.75% (as fed) of BW supplemented in yr 1 and yr 2 did not create abundant Cu antagonism.
Copper and Zn are absorbed through similar pathways indicating a competition for absorption sites (Oestreicher and Cousins, 1985) ; thus, it was necessary to determine if providing additional dietary Cu would affect plasma Zn concentrations. In this study, plasma Zn was always within adequate range. Initial and final plasma Zn concentrations coincided (P = 1.00, yr 1; P = 0.08, yr 2) among bolused and non-bolused calves, and resulting plasma Zn concentrations fell within the normal limits of 0.8 to 1.2 mg/L. The antagonism between Zn and Cu is considered a case in point of competitive interaction between minerals with similar chemical and physical properties. However, the situation regarding the reverse interaction, specifically the effects of Cu on Zn metabolism, is less clear as there is no consistent evidence that Zn absorption is seriously affected (Bremner and Beattie, 1995) . Although the possibility of competitive binding of Zn transporters by added dietary Cu cannot be dismissed, similar plasma Zn concentrations among bolused and non-bolused calves casts some uncertainty on the mutuality of the antagonistic interaction.
Implications
These results suggest that copper oxide bolus administration is ineffective in grazing beef calves that are supplemented dried distillers' grains 0.75% (as fed) of body weight. Administration of the copper oxide bolus did not impact animal performance or result in greater plasma copper concentrations, as the supplemented dried distillers' grains presumably did not create abundant copper antagonism. 
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